Abstract. Our recent estimates of galaxy counts and the luminosity density in the near-infrared (Keenan et al. 2010 (Keenan et al. , 2012 indicated that the local universe may be under-dense on radial scales of several hundred megaparsecs. Such a large-scale local under-density could introduce significant biases in the measurement and interpretation of cosmological observables, such as the inferred effects of dark energy on the rate of expansion. In Keenan et al. (2013) , we measured the K−band luminosity density as a function of distance from us to test for such a local under-density. We made this measurement over the redshift range 0.01
Introduction
The assumption that the universe is homogeneous on large scales is a fundamental pillar of our current concordance cosmology. However, it is well known that very largescale inhomogeneity exists in the form of sheets, voids, and filaments of matter . As structure formation proceeds, gravity acts to pile more matter onto the over-dense regions, and simultaneously evacuate the under-dense regions. Models have shown that this phenomenon implies that cosmological observables measured by an observer will vary significantly depending on where that observer is located with respect to these large-scale structures. 
Our Study and its Implications
In two previous papers (Keenan et al. 2010 (Keenan et al. , 2012 , we investigated large-scale inhomogeneity in the local universe. These studies were inspired, in part, by the fact that a number of recent cosmological modeling efforts have shown that the observational phenomena typically used to infer an accelerating expansion, namely the "dimming" of type Ia supernovae, can be equally well fit by invoking a large local under-density instead of dark energy (e.g., Alexander et al. 2009; Bolejko & Sussman 2011) . Other models (Marra et al. 2013) have shown that, even in the context of a universe dominated by dark energy, a large local under-density could explain the apparent discrepancy between local measurements of the Hubble constant and those inferred by the Planck team (Planck Collaboration et al. 2013) .
In the study presented here, we investigated the K−band luminosity density (as a proxy for stellar mass density) as a function of distance from our position in the local universe. To accomplish this we combined photometry from the UKIRT Infrared Deep Sky Large Area Survey (UKIDSS-LAS, Lawrence et al. 2007 ) and the Two Micron All Sky Survey Extended Source Catalog (2MASS-XSC, Skrutskie et al. 2006 ) with redshifts from the the Sloan Digital Sky Survey (SDSS, York et al. 2000) , the Twodegree Field Galaxy Redshift Survey (2dFGRS, Colless et al. 2001) , the Galaxy And Mass Assembly Survey (GAMA, Driver et al. 2011 ) the Two Micron Redshift Survey (2MRS, Erdoǧdu et al. 2006) , and the Six Degree Field Galaxy Redshift Survey (6DFGS, Jones et al. 2009 ).
Key results from our study (Keenan et al. 2013 ) are presented in the figures below. In Figure 1a , we show our measurement of the K−band luminosity function using our compiled sample in three separate redshift ranges (with residuals showing the normalization offset between these). In Figure 1b , we show the relative contribution to the total light as a function of absolute magnitude to demonstrate that we are resolving ∼ 75% of the total light at z < 0.2. In Figure 2a , we show a comparison of our estimate of the total luminosity density in different directions on the sky. In Figure 2b , we show our results compared to other studies from the literature and models. We conclude that the local universe appears under-dense on a scale and amplitude sufficient to introduce significant biases into local measurements of the expansion rate, and, according to some models, to cause what looks like an accelerating expansion even when no dark energy is present. Figure 1. (a) The UKIDSS-LAS K−band luminosity function split into three redshift ranges: 0.005 < z < 0.07 (red), 0.07 < z < 0.09 (green), and 0.09 < z < 0.2 (blue). We separate the redshift range 0.07 < z < 0.09 to demonstrate that the excess at z > 0.09 is not due to the Sloan Great Wall or the other over-densities we observe at higher declination in this redshift range. Here we fit φ * in each redshift range with α and M * fixed (as described in Keenan et al. 2013) . We list the χ 2 red values for each redshift range in the figure, and note that relatively good fits can be obtained using fixed LF shape parameters and letting the normalization (φ * ) vary as a function of redshift. Residuals are shown relative to the low-redshift normalization. Here we also include our own analysis of the 2M++ catalog (all sky, Ks,AB < 13.36, ∼ 25, 000 galaxies). We have fit the normalization of the LF derived from the 2M++ catalog (LF and residuals shown as light blue squares) with the same shape parameters as for the UKIDSS sample. To extend the faint end of the z > 0.09 LF, we use the GAMA redshift sample (KAB < 17, shown as orange squares). (b) The relative contribution to the total luminosity density (% per magnitude) as a function of absolute magnitude. The blue shaded region shows the range of magnitudes covered by the UKIDSS sample at z > 0.09. In orange we show the extra fraction of light resolved by extending the faint end of the LF with the GAMA sample. This demonstrates that, at z > 0.09, we are making a robust measurement of the peak of the luminosity density distribution (occurring at M ∼ M * ) and resolving ∼ 75% of the total light.
